This paper analyses student views on an e-learning intervention that incorporated a content development tool and computer algebra systems, aimed at improving performance and applicability of mathematics knowledge. The study deliberately relied on open source tools, with high usability both online and offline, that can be customized to address the peculiarities of mathematics instruction in developing countries. Repeated ANOVA and logistic regression were among the statistical methods used to analyze the data. Key findings showed that usability and detailed feedback were the qualities of computer algebra system that were most desired by students. Content quality, problem solving abilities and internet availability were key factors for mathematical e-learning satisfaction. The research showed that the use of an interactive content development tool and computer algebra systems can help the teachers to be more innovative and adopt project-based examination formats that encourage knowledge applicability. The e-learning tools helped the students to self-regulate and discover their own knowledge, which increased their chances of handling application type problems. Among others, the study recommended set up of mathematical e-laboratories which can be accessed by students for at least 3 days per week.
Introduction
Like it is in the developed world, most universities in developing countries like Uganda incorporate mathematics content in many of the programs they teach to students. This reflects the vital role mathematics is expected to play in producing high quality, productive and innovative workforce in a country. However, the teaching and learning of university mathematics in countries like Uganda is still engulfed in a multitude of problems that include poor performance, low student morale, poor content delivery and absence of knowledge application (Namukasa et al. 2010) . Among other interventions, many universities have attempted to introduce e-learning to improve the teaching and learning process. These early e-learning interventions have tended to be general but not subject specific and have focused mainly on interplay between distance and blended learning. Thus, for such countries, there is currently insufficient effort geared specifically towards effective implementation of university level mathematical e-learning.
This study intended to solicit students' perspectives on a mathematics e-learning intervention that incorporated the use of both a content development tool and computer algebra systems. The intervention intended; (i) to improve interest, motivation and performance and (ii) to improve creativity and knowledge applicability in learners. The intervention consciously relied on easy to install and use, open source technologies since cost/affordability, usability and impact of the e-learning technologies are paramount for developing countries like Uganda. Consequently, a post e-learning survey was conducted to answer the following research questions;
(i) What attributes do students like most in mathematical e-learning tools? (ii) What are the key factors for successful mathematical e-learning? (iii) What is the appropriate content and pedagogy approach to induce creativity and knowledge applicability among learners?
2 Literature review E-learning tools used in mathematics instruction are generally of two types namely elearning platforms and computing tools. An e-learning platform is a content development tool (CDTs) or virtual learning environment (VLEs) through which it is possible to develop and deliver training courses; administer and monitor them; and access a series of facilities and arrangements (Slătineanug et al. 2015) . A computing tool as used here is any electronic equipment or software that can input data, manipulate it mathematically and output it in numeric, symbolic or graphic form. This broad definition encompasses electronic calculators, computers algebra systems (CAS) and some statistical programs. A computer algebra system (CAS) is a software program that facilitates manipulation of mathematical formulae both symbolically and numerically. From inception, mathematicians have relied on tools of various kinds to solve or elucidate mathematical problems. The early mathematicians used analogue tools such as slide rule until 1940s when digital computers were used for cryptography and later in the 1950s for numerical approximations in applied mathematics. Adoption of digital computing tools for usage in school or classroom environments was possible after the inception of portable electronic calculators in 1970 and the dawn of IBM's personal digital desktop computer in 1981 (Wright 2010) . Currently, an array of CAS such as Matlab, Maple, Mathematica and statistics packages such as SPSS (commercial) and R (open source and free) are widely available as, not just toys for learning, but also as professional research tools; mastering them is a valuable transferable skill for graduates seeking employment in mathematics-intensive industries (Borovik 2011) .
Notwithstanding the many advantages of adopting mathematical e-learning, Buteau et al. (2014) in a Canadian survey, reported a lack of enthusiasm by teachers towards using CAS in mathematics classes. Similarly, Borovik (2011) quoted a 2010 teaching position statement from the London Mathematical Society that stated, "Not every area of study needed or was compatible with e-learning, and so to assume it would grant blanket advantages was not accurate". According to Buteau et al. (2014) , the time required for developing CAS-related teaching material, and the tight class time making it difficult to add CAS-related activities, were the two most significant factors inhibiting teachers' utilisation of CAS. Teachers surveyed also warned that overreliance on CAS may hinder students from acquiring the underlying mathematical concepts. We observe that without a well-planned mathematical e-leaning intervention effort, time constraints and exam-oriented approach dominant in mathematics education across Africa and other developing countries could be a hindrance to adoption of CAS.
Relatedly, despite mathematicians being the first to use IT in teaching, the wide scale adoption of e-learning platforms is still drawing mixed feelings among mathematicians. The challenge according to Borovik (2011) is that there has been a discrepancy in terms of levels of development between CAS and e-learning platforms. While a high level of sophistication has already been achieved with CAS tools such as Matlab/Maple, many existing e-learning platforms currently available do not meet the functionality required by mathematicians. As an example, e-learning platforms are unusable in mathematics learning and teaching if they do not support math-text such as LaTeX. We note that currently most e-learning platforms can accommodate math-text. However, it is usually enabled on the editor or teacher's interface but not on the student's interface, making it difficult for students to give math-text enabled feedback.
It is clear therefore that it requires a right combination of e-learning platforms and/or CAS, as well as meticulous preparation of content by teachers to create a proper fully packaged mathematics e-learning experience. Indeed, success stories of using elearning platforms or CAS in mathematics instruction exist. Lui et al. (2013) designed a system which highlighted the use of virtual manipulative e-learning platforms for mathematics which can enable a high level of interactivity among students while they solve mathematical problems. For example, students can experiment with different input parameters and observe the effects on the outcome. Some online mathematics platforms such as Khanacademy (www.khanacademy.org) and MUMIE (www.mumie. net) provide good case studies of simple but effective math text supported and interactive e-learning platforms. They illustrate the importance of an e-learning platform enabling math-text on both teacher side and student side as well as enable learners to try a problem again and again while providing step by step hints and solutions. On the other hand, authors like Kramarski and Hirsch (2003) and Kendal et al. (2005) have reported on the success of using CAS in their mathematics lessons. Key to these interventions, the teachers still played a crucial role at some time during the lesson. The teachers stressed the need for students to have a good understanding of concepts and to be mindful of the different CAS properties. The teachers also observed that "when using CAS for assessment, calculation can no longer be used to assess understanding and knowledge of patterns. Instead, there is a need to create new strategies for highlighting reasoning, explanations and connections in mathematical work" (Kendal et al. 2005) . Most of these studies have reported using either e-learning platforms or computing tools but not both. In the next section, we discuss our study, which focused on integrating both a content development tool and computing tools in classroom environment, aimed at improving performance and applicability of mathematics knowledge.
Methodology
The study involved all the 39 first-year mathematics major students of Mountains of the Moon University (MMU), Uganda undertaking a course of Linear Algebra 1. The study used a combination of a content development tool called Xerte online toolkits (XOT) (www.xerte.org.uk) and 2 computing tools namely; Matrix calculator (https://matrixcalc.org/en/det.html) and R (https://cran.rproject. org/bin/windows/base/). These tools were chosen because they are open source, can easily be installed on computers, are user-friendly and can work online and offline. These properties are desirable for rural based universities in developing countries where many logistical challenges of low skills, low internet connectivity still exist.
The process of content formation involved using XOT's interactive icons such as button sequence, dialogue, drag and drop, gap fill to produce content that is highly motivating, interactive and with dynamic evaluation. For example, in Fig. 1 , we show a practice exercise in XOT with an interactive step by step solution. This provides both the lecturer and the students a chance to highlight the key steps of solving a problem.
The XOT content could then be given to students as a compressed file which they would simply unzip and run the index.htm to view it. Alternatively, XOT content could easily be uploaded as a SCORM package to other learning management systems like Moodle (Misselbrook 2008) . A detail of the XOT work we prepared can be accessed on the MMU website (http://elearning.mmu.ac.ug/).
The classroom delivery of the content involved a blended approach in which the teacher explained the XOT content and demonstrated use of the XOT interactive icons. The XOT content was then supplemented with the use of R and Matrix calculator as computing tools. R is a programming language mainly used for statistical analysis but can handle Linear Algebra related problems well and is increasingly being used for mathematical instruction (Bamberg, 2015) . Matrix calculator is simple "plug and play tool" that gives detailed working of the problem in a step by step manner familiar to the students. The computing tools were used alternatively to enable students compare their attributes. The students were using the e-learning tools for the first time and had received one-week training prior to the experiment.
The study was conducted within 8-weeks period from September to October 2018. At the end of the study, a survey was given to students to obtain their views on the mathematics e-learning experiment. We present the survey results in the next section.
Results

XOT assessment
The students were required to rate various XOT attributes using a 5-point Likert scale ranging from strongly disagree to strongly agree. The most liked features were content design (86.4%), interest (81%) as well as the XOT interactive features such as drag and place (81.8%), drop down icon (86.4%) and its ability to keep them engaged (81.8%). These attributes enable students to study mathematics in a more captivating way while Step by step button sequence interactivity in XOT highlighting the key aspects of the content. Indeed, the students reported that the content was easier to understand (77.3%), appealing (60%), enjoyable (63.6%) and interactive (65.2%). However, 36.4% disagreed with the assertion that the XOT tool by itself can help them understand better compared to traditional learning format. This reemphasizes the necessity of the teachers' presence, guidance and explanation for effective mathematics learning even with availability of e-learning. This result supports the general approach of blended learning advocated by several scholars (Lin et al. 2017; Kintu et al. 2017) .
Comparing the various e-learning tools to the traditional approach
In Table 1 , students were asked to use a scale of 1 to 5 (1 as the lowest mark and 5 as the highest mark), to rate each of the e-learning tools used in comparison to the traditional method. We run repeated ANOVA tests on various attributes of the elearning tools as assessed by the students. In each case, the attribute rating was the dependent variable while e-learning type (Traditional, XOT, Matrix calculator (MC), R) was the independent variable. We present average student ratings for each attribute. The attributes were all subjected to Levene's test which showed that the assumption of homogeneity of variance was established. The normality test was done by histograms and normality plots. The normality test was not exactly fulfilled but we deemed the plots good enough to proceed with the repeated ANOVA test.
Generally, there was a statistically significant increase in rating for e-learning tools being user-friendly, engaging, interactive and improving knowledge applicability (all have p value <0.05). Clearly, the students found Matrix Calculator most user-friendly compared to other tools and this influenced their responses to other questions regarding the usage of the e-learning tools. The students showed a strong desire to study with all the 3 e-learning tools in future. In Table 2 , we present the mean (standard deviation) of paired t tests we ran on various attributes to ascertain students' perspectives before and after the elearning intervention. The attributes were selected partly based on the work done by Willacy and Calder (2017) . We see that students' likeability of mathematics, ability to try out new problems in mathematics on their own, interest in using e-learning tools in mathematics, increased understanding and increased ability to solve problems had the highest rating among students and were statistically significant (all have p value <0.05). We employed factor analysis (see Table 5 of Appendix 2) to get any underlying concise interpretation of the attributes. This resulted in two key factors as showed next.
Factor 1: Problem solving.
Ability to understand mathematics topics studied
Ability to solve problems in the topics studied Ability to learn at my own pace
Factor 2: Knowledge applicability I like mathematics generally I like using mathematics apps in my study Ability to apply knowledge studied We see that the first factor which we identify as problem solving is associated with ability to understand the topics studied and ability for students to learn on their own pace or self-regulate. Thus, we conclude that according to students' own assessment, ability to understand the topics studied and ability to learn at their own pace were the biggest effects of the e-learning intervention which contributed to their ability to solve the mathematics problems. Similarly, we identify the second factor as knowledge application, and it is strongly associated with likeability of mathematics and likability of utilizing the mathematics e-learning tools. Thus, we conclude that for e-learning to have a significant effect on students' ability to apply mathematics knowledge, it should significantly increase their ability to like mathematics and the learners must have an ability to like or utilize the mathematics e-learning tools.
In summary, for the first research question, our study showed that interactive features of the e-tools, user-friendliness and ability to give step by step dynamic and detailed feedback were the attributes students desired most in elearning tools. These resulted in students' ability to solve problems at their own pace and apply the knowledge acquired. Our results are like those of Mohapatra and Patra (2017) who found out that "perceived ease of use, perceived usefulness/utility, attitude towards using a system or application and the design and implementation process" are vital for successful integration of technology in the learning process.
Logistic regression model for factors influencing e-learning satisfaction
Concerning the survey question that asked students to "rate your own satisfaction with the e-learning experience", the results showed that 63.2% of the respondents were satisfied while the rest were either undecided or not satisfied. Clearly, majority of the students rated the e-learning intervention well, yet a considerable other percentage of the students felt unsatisfied. We adopted a logistic regression model to determine the main factors that influenced the students' decisions. Many articles (e.g. POP 2012; Lengyel et al. 2017; Trehan and Joshi 2018) have used logistic regression in evaluating e-learning studies and the areas of interest are diverse, encompassing evaluation of classroom/online platforms, comparing two different platforms and general criteria for e-learning success.
For our model, the response variable is e-learning success. Both the response variable and all the categorical predictor variables were converted from a 5-point Likert scale to a dichotomous scale in which ratings of 4 or 5 were classified as good, high or agree while 1, 2 and 3 were classified as low, bad or disagree. We first tested the response variable (e-learning success) against each possible predictor variable in a univariate logistic model, keeping only those variables that return a p value of less than 0.25 (Agresti, 2013) . This approach gave us 13 possible predictor variables. We next tried various combinations of predictor variables from the possible 13 variables. We settled onto the final model below based on drop one criterion, backward selection, Akaike information criteria (AIC) and meaningfulness of the model Table 3 , an assessment of internet adequacy as low compared to high changes the log odds of being satisfied with e-learning intervention by −2.946. This means improved internet services would increase the chances of students' satisfaction with the elearning intervention. Improved internet access is certainly an issue that most universities in developing countries are working on. However, Internet adequacy here is also related to the number of days students have access to the university computers (see Table 4 of Appendix 1). This is so because majority of students in this survey reported a lack of personal computers. There is therefore a need to create a well-equipped mathematics laboratory with good internet which can be accessed by students at least 3 days a week.
Content quality
From Table 3 , an assessment of content quality as low compared to high changes the log odds of being satisfied with e-learning intervention by −4.01. This means improved content quality would increase the chances of students' satisfaction with the e-learning intervention. We observe that the variable measuring content quality was an aggregate of content related questions of XOT and they are; content was well designed; content was easy to understand; content was interesting. From this result, we therefore deduce that effective use of content development tools can substantially increase odds of mathematical e-learning satisfaction. It will necessitate teachers to periodically update their skills and abilities as well as to be committed to producing high quality work for e-learning to be fully successful and appreciated by the learners. Content quality was directly or indirectly identified by several other studies (POP 2012; Hassanzadeh et al. 2012; Lengyel et al. 2017) . Table 3 , for every one-unit increase in problem solving abilities, the log odds of being satisfied with e-learning intervention increase by 7.351. Problem solving as a factor is a measure of the confidence gained by the learners to tackle mathematics problems at their own pace and self-regulation due to the aid of the e-learning tools (see Table 5 of Appendix 2). This demonstrates that students will appreciate e-learning intervention in mathematics as successful if they perceive it to be having a positive impact in their ability to tackle the various mathematics challenges they encounter. In summary, internet adequacy, content quality and improved problem-solving skills were perceived as most important for mathematical e-learning satisfaction among learners.
Appropriate content and pedagogy approach for creative thinking and knowledge application
A combination of using an e-learning platform and CAS gives a teacher great flexibility in how to arrange and deliver the content. But it requires the teacher to put in more preparation time and to think well about the process of evaluating students. Mohapatra and Acharya (2011) noted that for computer assisted learning (CAL) to be effective, the quality of teachers and mode of classroom delivery is important too. In this study, the general procedure was to start off by exposing students to real-life applications of the content to get them motivated to study the content. We would then use XOT to explain the content in an interactive manner. Then, we would later use the CAS to concretize the ideas. This combination of e-tools boosts active learning and helps the teacher explain salient concepts that would hitherto be difficult without the e-learning tools. In addition, the teacher can easily switch from traditional exam formats to application type format as illustrated in Fig. 2 .
Here, the students were required to discover their own knowledge and solve an example of a real-life application problem. The availability of e-learning tools means that the students could concentrate more on interpretation and formulation of the problem. In solving the problem in Figs. 2, 28 students chose to use Matrix calculator, 4 chose R while 2 chose to work manually. We provide the reasons the students gave to back up their choices;
Matrix Calculator & It makes calculations easy thus making message decoding easy" & It was easy to apply & Because it shows the basic steps to reach on the final answer & It is simple because answers are direct Nevertheless, the two students who selected R gave the reasons below;
& Bring the answer easily when used & R can show you where you have made a mistake and edit it then you will be able to notify it to get the required solution.
The emphasis here was on ease of use and nature of output or feedback. Thus, overall, we see that usability and nature of feedback were the two main reasons for learners in choosing the two computing tools. More importantly, these tools helped the students to work on their own pace and solve this kind of application problems. Ability for students to self-regulate with the help of mathematical e-learning tools, is vital since past researches have showed that most students lack the motivation or self-drive to acquire mathematics knowledge beyond that of the classroom (Namukasa et al. 2010 ). Thus, we need a rightful mixture of blended learning, use of both content development tool and CAS to generate and deliver content that is appropriate to stimulate creative thinking and knowledge application among learners. Nonetheless, the teacher's role in preparing well to achieve the rightful pedagogy approach with mathematical e-learning is very important. Sarkar et al. (2018) , in their study of a digital equalizer program that emphasized problem-based learning in India, stated that the teacher must always be at the heart of the system. They added that "we have always believed that the quality of a system can never exceed the quality of its teachers". 
Conclusion and recommendations
Most e-learning interventions that have sprung up in developing countries have been multipurpose and mainly aimed at online or distance learning or simply appealing to "modernising education process". However, these e-learning interventions have not been massively used by teachers or students. In other cases, they mainly serve as content delivery platforms, but with high maintenance costs (Mayoka and Kyeyune 2012) . Our study clearly demonstrates that non-bulky, open source e-learning tools can be customised to handle specific subjects like mathematics. The various results and experiences while conducting this study led to the recommendations below: Mathematics instruction for both synchronous and asynchronous learning should adopt e-learning to improve performance and applicability of knowledge. There are many available open source e-learning tools which make it highly feasible to adopt technology into mathematics instruction. Training courses on use of mathematics e-learning tools should be given to fresh students and teachers. There should be increased cooperation among teachers across various universities through conferencing. Students must have access to mathematics e-laboratories for at least 3 days per week.
An effective e-learning intervention requires use of content authoring tool first to explain basic concepts and later using computer algebra systems to concretize the concepts. In this way, mathematical e-learning will help to impart to learners those mathematical concepts that are rather difficult to explain under traditional learning. In this regard, the best approach should be an appropriate mixture of blended learning in which the teacher plays a key role but has the back up of mathematical e-leaning tools.
The mathematics content authoring tool should be simple and not too crowded on the student side. There should be mechanisms that allow note taking with math text support on both the teacher and student side of the platform. The platforms should enable learners to give feedback to the video, practice quiz and hints. Video technology involving both teachers and students explaining mathematics concepts should be the first option as medium of instruction for outside classroom environments like distance learning. In addition, the platform should encourage forums and community groups to share knowledge and experiences.
As adoption of e-learning tools in mathematics instruction increases, we realize that most of the problems that were done in classroom can now easily be performed by CAS. The role of mathematics instruction ought to change to embrace this realty. Teachers are called upon to be more innovative and adopt project-based examination formats that encourage knowledge applicability. This, after all, will prepare the students better for real life work situations compared to traditional examination formats.
Further research recommendation
This study was conducted within one semester. There is a need to have follow-up activities that span at least two semesters to learn how students' behavior towards mathematical e-learning changes over a longer period. Also, this form of e-learning intervention can be extended to other universities within Uganda and beyond.
Appendix 1: Relationship between Internet adequacy and computer access
To explore the issue of internet adequacy more, we run a chi-square analysis relating internet adequacy to number of days the students reported as having access to a university computer in a week. Access to a computer for 3 or more days was deemed good while less than 3 days' access was deemed bad. The chi square results are reported in Table 4 .
For the chi-square test, our null (H 0 ) and alterative (H 1 ) hypotheses are as below. H 0 : Internet adequacy and computer access are not related. H 1 : Internet adequacy and computer access are related. We have a high chi-squared value and a p value of less than 0.05 significance level. So, we reject the null hypothesis and conclude that internet adequacy and computer access are related. This then shows that internet adequacy is not directly an issue to do with the performance of the e-learning tools but rather is related to the opportunities availed to students to practice with the e-tools. This calls for a concerted effort to enable students increased access to e-learning tools within university premises. One sure way will be to create special mathematics e-laboratories which students can access for at least 3 days per week.
Appendix 2: Factor Analysis of Table 2 
attributes
We employed factor analysis to get any underlying concise interpretation of Table 2 attributes. For each attribute, we used a new variable formed as the ratio of the students' rating of each attribute after and before e-learning (After/Before) and we present the results in Table 5 .
The three factors contribute almost equally to explaining the sample variance and the cumulative variance of the three factors is 0.79, which is a sufficient proportion. To interpret the factors, we selected attributes of factor loadings above 0.7 (bold in Table 5 ) but only included the attributes that were significant (from Table 2 ). This resulted in dropping the third factor and remaining with Factor 1and Factor 2 which were explained in the section of results Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. 
